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Abstract 
This paper aims to establish a classification system of mine disaster in order to develop the emergency response management. 
The study divides the mine disaster into three emergency levels and builds an evaluation model with three core factors, including 
information scarcity, time urgency and situation complexity. In addition, the study introduces catastrophe progression method to 
evaluate the seriousness level of mine disaster and takes a case study of mine disaster in Shanxi Province. The results show that 
the evaluation model has strong operability and practical value to emergency manager and rescuers. 
© 2010 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu. Copyright transferred and 
reserved with Risk Forum organized by Risklab. 
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1. Introduction 
Coal is an important natural and economic resource in China which has been occupying a very important role in 
the national economy. However, China suffers the most frequent mine disasters in the world every year, especially in 
Shanxi Province. Overall, the coal-producing countries, such as the U.S. and Australia etc., have essentially 
eliminated the major fatal accident, in which the coal industry become fairly safe. However, the mine safety 
management issue is a hot topic in China[1]. Recently, the government has taken a series of practical measures to 
decrease the mine disaster rate in China. One of the greatest acts was mine industry integration in Shanxi Province at 
the beginning of 2009 which banned more than two thousands illegal and small mine enterprises[2]. Unfortunately, the 
recent mine disasters broken out from 2009-2010 show that safety management measures should be paid more 
important attention if the coal-mining industry wants to make a sustainable development. Therefore, this paper tries to 
establish the evaluation and classification system of mine disaster in order to develop the emergency response 
management. 
Disaster classification refers to the seriousness level of emergency events, which is one core issue in damage 
assessment and rescue difficulty evaluation[3]. Disaster classification can comprehensively reflect the extent of 
disaster, provide a scientific support to emergency decision-making, and assist post-disaster relief acts in emergency 
rescue. It is usually adopted the general multi-index comprehensive evaluation method to evaluate the disaster in 
order to reflect more complete information. Recently, some research applies gray clustering method (Zhang, 2011[4]), 
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fuzzy mathematics method (Liang and Gui, 2008[5]; Chen, et al., 2011[6]) and matter element analysis (Wang, et al., 
2010[7]) and achieves satisfactory results. However, those methods have disadvantages in many key issues, such as 
greatly uncertainty in membership functions, subjectivity in calculating weights and too complicated calculation 
process. However, catastrophe progression method has no need to assign the weight to each index and has a simple 
calculation procedure, which avoids the above issues. Therefore, the study in this paper introduces catastrophe 
progression method to make a comprehensive evaluation of mine disaster classification. 
2. Catastrophe theory 
2.1. Overview of catastrophe theory 
Catastrophe theory, originated by the French mathematician Rene Thom in the 1960s, is a new mathematical 
discipline and a special branch of dynamical systems theory[8]. It is derived mainly from the topological concept of 
stable structure, and developed on the mathematical theory basis, such as topological dynamics and singularity 
theory. Catastrophe theory can be used to evaluate the status and analyze the development trends, known as “the 
mathematical revolution after calculus”. Catastrophe progression method (CPM) is widely used in multi-criteria 
decision problem. The general evaluation process of CPM is shown as follows: first, multi-level conflict 
decomposition of evaluation objectives; second, obtaining catastrophe fuzzy membership function by the integration 
of catastrophe theory and fuzzy mathematics and normalizing by the comprehensive quantification formula; finally, 
normalizing the evaluation objective to a parameter, obtaining the overall membership function, and getting the 
comprehensive evaluation results. Thom first proposed seven elementary catastrophe functions (models). With 
further research, catastrophe theory was extended to the calculus and functional. This study is based on the 
elementary catastrophe theory. 
2.2. Evaluation process of CPM 
(1) Construction of catastrophe evaluation index system 
        According to the study purpose, the evaluation system is decomposed into multi-layer system under its internal 
mechanism. The evaluation index system is arranged in inverted tree hierarchy, in which the target index is located 
in the first layer, the second-order indices are located in the second layer, and so on. The original data is only from 
the lowest layer indices. Based on the catastrophe progression method, the target index is called as state variable, the 
rest indices are called control variable. For the control variables of general catastrophe system should not be more 
than four indices, there are four indices at most to each up-layer index. Therefore, there are three elementary 
catastrophe systems which are usually used (seen in Table 1 as follows). 
Table 1. The elementary catastrophe models 
Types Cusp catastrophe system Swallow tail catastrophe system Butterfly catastrophe system 
Model bxaxxxf ++= 24)(  2/3/5/)( 235 bxaxxxf ++=  dxcxbxaxxxf ++++= 2/3/4/6/)( 2346  
Variable ba,  cba ,,  dcba ,,,  
Bifurcation 
point 
functions 
32 8,6 xbxa =−=  
£32 8,6 xbxa =−=  
43xc −=  
£¬32 20,10 xbxa =−=  
54 5,15 xdxc =−=  
Normalized 
formula 
3, bxax ba ==  43 ,, cxbxax cba ===  543 ,,, dxcxbxax dcba ====  
        (2) Determining the catastrophe system model in evaluation index system 
         in the Table 1 refers to the potential function of state variable )(xf x  in catastrophe system. Coefficients 
 of state variable dcba ,,, x  refer to the control variable of x . If an index is decomposed into two sub-indices, the 
system can be regarded as cusp catastrophe system; if an index is decomposed into three sub-indices, the system can 
be regarded as swallow tail catastrophe system; if an index is decomposed into four sub-indices, the system can be 
regarded as butterfly catastrophe system. 
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        (3) Obtaining the normalized formula from bifurcation function of catastrophe system model 
  The bifurcation point equations of catastrophe system in Table 1 can derive the normalized formulas 
respectively. The derivation process is shown as follows. First, let  is the potential function of catastrophe 
system. Second, according to the catastrophe theory, all the critical points which integrate the equilibrium surface 
are obtained by equation 
)(xf
0)( =′ xf , and singular point sets are obtained by equation . Bifurcation 
point sets equations are obtained by equations
0)( =′′ xf
0)( =′ xf  and 0)( =′′ xf  (eliminating x ). Bifurcation point set 
equation refers to catastrophe occurrence condition in the system when control variables satisfy the equations. Third, 
normalized formulas can be derived by the bifurcation point set equations. Finally, the total membership function 
values of catastrophe system which represent the characteristics of system state can be obtained by recursion 
operation with the normalized formulas.  
  Let the values of x  and each control variable are in the range of 0�1, which is called catastrophe progression. 
The value of x  can be calculated by the control variable of the same target in normalized formulas, with the 
principle of “complementary” or “non-complementary”. Therefore, the total catastrophe affiliated function values of 
catastrophe system can be obtained by the value of x . 
3. Case study 
Disaster can be interpreted as the situation that qualitative change of the system occurs by the continuous changes 
of some variables in the system. The phenomenon of transforming security state into emergency state is actually a 
mutation phenomenon. Therefore, the case study in this paper takes the mine disasters in Shanxi Province in China as 
case events, which happened between 2006 and 2010 year (seen in Table 2).   
Table 2. The four case events 
Disaster number Disaster name Occurrence time 
� Wang Jialing water inrush disaster March, 28th, 2010 
� Tunlan gas explosion disaster February, 22th,2009 
� Hongdong gas explosion disaster December, 6th, 2007 
� Zuoyun water inrush disaster May, 18th, 2006 
 
The four case events are selected based on the two major disaster causes. One is characterized by water inrush, 
and the other one is characterized by gas explosion. For instance, the course and rescue measures of Wang Jialing 
water inrush disaster can be shown in Figure 1 and Figure 2. 
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Fig. 1. The site of Wang Jialing water inrush disaster   
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Fig. 2. The rescue measures of Wang Jialing water inrush disaster   
    It can be seen in the Figure 1 that more than two hundred miners were working in the mine when the disaster 
broke out. 138 people were escaped and 123 people were trapped at that time. The rescue was very difficult based 
on the complicated mine condition. More than two hundred rescuer participated in the disaster, and amounts of 
rescue instruments were used to pump underground water and ventilate mine shaft which can be seen in Figure 2.  
3.1. Establishing evaluation  index system 
According to the unconventional emergency characteristics (Xie and Wu, 2010)[9] and mine disaster 
characteristics (Hu, 2010)[10], the available of original data and requirements of catastrophe progression, the study 
establishes the evaluation index system which can be seen in Figure 3. The objective index U , which is called state 
variable in catastrophe theory, is the classification of mining disaster. There are three indices in the second 
evaluation level, including information scarcity ( 1U ), time urgency ( ) and situation complexity ( ), and nine 
indices from  to  in the root evaluation level. 
2U 3U
11U 33U
Classification of Mining 
Disaster (U)
Information 
Scarcity (U1)
Time Urgency (U2)
Situation 
Complexity (U3)
Events scarcity (U
11 )
Experiential knowledge scarcity (U
12 )
On-the-spot information scarcity 
(U
13 )
Occurrence time urgency (U
21 )
Decision making time urgency (U
22 )
Rescue act time  (U
23 )
Number of personnel casualties (U
31 )
Mine scale (U
32 )
Direct economic losses (U
33 )
 
Fig. 3. Evaluation index system of Shanxi mining disaster classification   
3.2. Dimensionless treatment of original data 
According to the related literature and reports, the root indices, including five qualitative indices 
( ) and four quantitative indices ( ), need to be transformed into 
dimensionless data with value from 0 to 1. For quantitative indices, each index can be divided by the maximum value 
under each principle; for qualitative indices, each index is first marked by experts by Delphi method and then divided 
by the maximum value under each principle. The original data can be seen in Table 3 and the dimensionless data can 
be seen in Table 4. 
2221131211 ,,,, UUUUU 33323123 ,,, UUUU
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3.3. Catastrophe models of the three factors 
For each objective index has three sub-ordinate indices, the case study adopts swallow tail catastrophe model. 
Therefore, the catastrophe models are swallow tail model. The values of  in Table 5 are obtained from the 
results from Table 4 according to “Minimax” criterion. The normalized values of the three factors ,  and  
in Table 5 are calculated by the equation 
cba uuu ,,
1U 2U 3U
4
3
3
21 ,, cba uUuUuU === . 
3.4. Evaluation results 
The evaluation results of the case disasters can be seen in Table 5 with the analysis of catastrophe models. The 
final value X  is calculated by the way that getting the average value of  ,  and . The analysis results 
show that the seriousness order of case disasters are as follows: �������. 
1U 2U 3U
Table 3. The original data of mine disaster in shanxi province 
Disaster number U11 U12 U13 U21 U22 U23(day) U31(person) 
U32(million 
tons/year) 
U33(million 
RMB) 
� 3 3 3 4 4 15 153 6 49 
� 2 2 3 4 4 1 188 4.60 37.8 
� 2 2 5 4 4 4 113 0.21 42.8 
� 3 2 5 3 3 41 56 0.09 53.1 
Table 4. The Statistics table of mine disaster in shanxi province 
Disaster number U11 U12 U13 U21 U22 U23 U31 U32 U33 
� 0.6000 0.6000  0.6000  0.8000  0.8000  0.3659  0.8138  1.0000  0.9228  
� 0.4000 0.4000  0.6000  0.8000  0.8000  0.0244  1.0000  0.7667  0.7119  
� 0.4000 0.4000  1.0000  0.8000  0.8000  0.0976  0.6011  0.0350  0.8060  
� 0.6000 0.4000  1.0000  0.6000  0.6000  1.0000  0.2979  0.0150  1.0000  
Table 5. The analysis results of mine disaster in shanxi province 
Control variable Normalization Non-complementary principle 
Disaster number 
au  bu  cu  U1  U2  U3  X  Ranking 
� 0.6000 0.3659 0.8138 0.7746  0.7152  0.9498  0.8132  1 
� 0.4000 0.0244 0.7119 0.6325  0.2900  0.9186  0.6137  2 
� 0.4000 0.0976 0.0350 0.6325  0.4604  0.4325  0.5085  4 
� 0.4000 0.6000 0.0150 0.6325  0.8434  0.3500  0.6086  3 
4. Discussions and conclusions 
The mine disasters frequently break out in the history of coal mining industry development in China, which lead 
to heavy casualties and economic losses. The main cause of mine disaster lies in the weakness of security 
management system.  New policies of coal mine resource integration have been implemented since 2009 year. Most 
of the small-size coal mine enterprises were integrated into large state-owned enterprises. Therefore, the advanced 
mining technology and management contribute to the decrease of mine disaster to a certain extent. However, the 
mine disaster can be very serious once it happens under new coal industry situation. The study results show several 
management implications as follows. 
4.1. Classification of case disasters 
The classification criteria can be made by mining security management institution or related government 
organization. AAA level refers to unconventional mine disaster, AA level refers to semi-unconventional mine 
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disaster, A level refers to conventional mine disaster in Table 6. 
Table 6. Total catastrophe affiliated functional values table of mine disasters 
Disaster Classification AAA AA A 
Total affiliated value (X) 1�0.80 0.80�0.60 0.60�0 
 
The analysis results of case study show that Wang Jialing water inrush disaster (happened in 2010 year) is 
unconventional emergency according to the total catastrophe affiliated functional values in Table 6, which is 
consistent with the disaster summery report. Therefore, the evaluation method is practical for the emergency 
managers to get the general knowledge of the event situation. 
4.2. Application of catastrophe progression methods 
The CPM improves the data reliability and validity. The analysis process with CPM cost very short time and the 
calculation process is very simple and easy to master, which is helpful for decision makers acquire general 
knowledge of disaster current situation in emergency response. 
4.3. Future research 
The study builds the evaluation index system of mining disaster for the first time. In the future research, the 
evaluation indices should be developed to meet different disaster situations or different rescue stage of mine disaster.  
On the one hand, the evaluation system can be used in early rescue stage, which gives support opinions to decision 
makers to take relief measures. In addition, the evaluation system can be used in the emergency response and analysis 
after the events.  
On the other hand, the importance of each control index to the state index can be reflected by the CPM. 
Therefore, the evaluation model can be developed in the future research to study the different case disasters. 
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